nteractions among arterial stiffness, blood pressure (BP), and aging over time present a complex conundrum. [1][2][3][4][5][6] [7] Stiffening of central arteries after the age of 40 years is a characteristic feature of life and is accompanied by an age-associated change in BP.
I
nteractions among arterial stiffness, blood pressure (BP), and aging over time present a complex conundrum. [1] [2] [3] [4] [5] [6] [7] Stiffening of central arteries after the age of 40 years is a characteristic feature of life and is accompanied by an age-associated change in BP. 1 Epidemiological studies demonstrate that increased aortic stiffness, indexed as an increased pulse wave velocity (PWV), 8, 9 is an independent risk factor for cardiovascular events, even when the impact of age, BP, and other known risk factors are taken into account. [10] [11] [12] These findings suggest that prevention or reduction of PWV may carry substantial health benefits. 13 Cross-sectional studies show that BP is strongly associated with PWV. BP is transmitted into the arterial wall, where its increase progressively stimulates the less distensible collagen fibers, thus resulting in a progressively stiffer artery.
14 Therefore, the age-associated increase in arterial stiffness has long been considered to parallel the ageassociated increase in BP.
1 Yet, the rates at which PWV and BP accelerate within individuals who differ in age and sex is largely unknown, but their definition is required to unravel the conundrum of interactions of arterial stiffness and BP as age increases and is also required for correct power analyses and the age/sex composition of clinical trials aiming to intervene on PWV. Therefore, an understanding of the age-BP-arterial stiffness conundrum is a major public health priority.
The present study determined the evolution of BP and PWV trajectories in people of different ages by measuring both PWV and BP (systolic BP [SBP] , diastolic BP [DBP], mean BP [MBP] , and pulse pressure [PP] ) trajectories during 9.4 years of follow-up in >4000 community-dwelling men and women of 20 to 100 years of age at entry into the study. We discovered that the association of BP and aortic PWV is much more complicated than appreciated previously, possibly because of concurrent age-, sex, and pressure-dependent aortic remodeling.
Subjects and Methods

Study Population
The SardiNIA Study, a joint study in Sardinia of the National Institute on Aging (NIA) with Italian investigators, investigates the genetics and epidemiology of complex traits/phenotypes, including cardiovascular risk factors and arterial properties, in a community-dwelling
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Sardinian founder population. 15, 16 The study population for the present analysis consisted of 4358 volunteers (1810 men and 2548 women) of a wide age range (20-101 years) followed for 2 or 3 visits (mean, 2.4 visits) with a mean follow-up of 5.4 years and ≤9.4 years resulting in 11 968 observations. The online-only Data Supplement provides details about participant recruitment and missing visits. Figure S1 in the online-only Data Supplement and Table S1 show that the age-sex distribution at initial visit for subjects in the present analyses is similar for men and women.
Blood Pressure
BP was measured in both arms with a mercury sphygmomanometer using an appropriately sized cuff. The BP values used in this study are the average of the second and third measurements during each visit on both the right and left arms. For further details, see the online-only Data Supplement.
Arterial Stiffness
Carotid-femoral PWV was measured as previously described, 17 using nondirectional transcutaneous Doppler probes (Model 810A, 9-to 10-MHz probes; Parks Medical Electronics, Inc, Aloha, OR). For further details, see the online-only Data Supplement.
Statistical Analyses
Participants enter the SardiNIA study at different ages and were followed for 2 or 3 visits. Thus, both cross-sectional and longitudinal perceptions can be gleaned from the measured variables. All analyses were performed using SAS for Windows (Version 9.2, Cary, NC). Data are presented as mean±SD unless otherwise specified. Both cross-sectional and longitudinal changes were modeled with a single linear mixed-effects regression model, 18, 19 which easily accommodates unbalanced, unequally spaced observations and, consequently, is an ideal tool for analyzing both cross-sectional and longitudinal changes in data from this observational study. Additional details including a glossary of model terms and interpretations are in the online-only Data Supplement. The fit of the mixed-effects models to the data is addressed by plots of the residuals and plots of observed versus predicted values. These plots are presented in the online-only Data Supplement and show that the models provide adequate fits to the data.
Each model-fit represents a specific hypothesis being tested and each model contains several model effects. In conducting the backward elimination variable selection procedure it is prudent to guard against false-positive results. To do so, for each model fit, a Bonferroni-adjusted significance level is used: for the basic models that contain 5 model effects, the adjusted significance level is 0.05/5=0.01 and for the models with additional covariates, the full model contains 15 model effects so the adjusted significance level is 0.05/15=0.00333.
Results
Description of Study Population
Average age, PWV, PP, SBP, DBP, mean BP, heart rate, body mass index, and percentage of subjects in each sex are listed in Table 1 . Although there is no difference in the mean followup time between men and women participants (P=0.3338), there is a significant difference in mean follow-up time by age decade (P<0.0001).
Combined PWV Trajectories Over Time in Men and Women
To determine whether there are significant sex effects on PWV, we first fit mixed-effects models 18 to ln(PWV) (see Statistical Analysis section in the online-only Data Supplement for motivation of modeling the transformed PWV) that included data on both men and women. There were significant sex differences in PWV measured both cross sectionally and longitudinally (see the online-only Data Supplement). Consequently, we subsequently constructed separate models for men and women for ln(PWV) and for each of the BP variables. Table 2 lists the estimates for the fitted models for PWV in men and women. The graphs in Figure 1A and 1B are generated from the equations provided by the mixed-effects models in Table 2 . The PWV model formula for men is provided in the legend of Figure 1 . The cross-sectional association of PWV with age at entry is represented by the left, or beginning, point of each line segment. The average longitudinal rates of change of PWV for subjects of different entry ages are illustrated by the slopes of the 5-year line segments in the plot. Also included on the plots are 95% confidence bands for each line segment. Thus, the plots in Figure 1A and 1B show how PWV changes with entry age among different subjects, and The pattern and the magnitude of the increase in the rate of change of PWV over time varied by entry age and sex. In both men and women, the average rate of change in PWV increased by ≈60% from entry age of 30 years to entry age of 70 years ( Figure 1C ).
Sex-Specific Longitudinal PWV Trajectories by Entry Age
Effects of Antihypertensive Medications on PWV Trajectories
As expected, the use of antihypertensive medications increased with advancing age, with no sex differences (P=0.22; Table  S5 ). To disentangle the possible effect of antihypertensive medications on the longitudinal changes in PWV, we constructed additional models. It was found that antihypertensive medications did not significantly affect the cross-sectional or longitudinal conclusions for PWV. Thus trends described in PWV (Tables 2-4; Figure 1 ) are independent of use of antihypertensive medications that, as expected, is greater at older ages. Additional specific details are discussed in the online-only Data Supplement (Effects of Antihypertensive Medications on PWV Trajectories). Tables 3 and 4 list the model effects for SBP and Figure 2C and 2D illustrate the models. Cross-sectional BP (ie, at entry age) differences are similar to those described in the literature. The average longitudinal rates of change in SBP vary in a nonlinear fashion. In men the average longitudinal rate of change of SBP increases with age at entry until 40 years, beyond which the rate of increase declines (Figures 3 and 4) . Note that beyond entry age of 50 years, the average longitudinal rate of change in SBP becomes negative (the rate of change in SBP crosses the zero axis), and SBP itself begins to decline. Thus, although when measured cross sectionally in different men of different ages, SBP increases with age, longitudinal analyses in the same men over time indicate that the maximum average rate at which SBP increases is achieved by the entry age of 40 years, and that beyond entry age of 50 years, the average rate of change becomes negative, and, on average, SBP declines. In women, the rate of increase in SBP remains constant and positive at all ages studied (Figures 3 and 4) . Tables 3 and 4 provide the parameter estimates for the various terms in the model for DBP for men and women. The models show that the average rate of DBP change, in men, exhibits a monotonic decline between entry ages 30 and 70 years, becoming negative at the age of 50 years. In contrast to men, in women, the average longitudinal change in DBP is positive and constant at all entry ages (Figures 3 and 4) . Tables 3 and 4 provide the parameter estimates for PP and Figure 2A and 2B illustrate the fitted models. Figures 2A, 3 and 4 show that in men the average longitudinal rate of PP increase plateaus at the entry age of 55 years, and the rate of PP increase declines thereafter until entry age 70 years, when there is little change in PP. In women, in contrast to men, the average longitudinal rate of change of PP (dictated by rates of change in SBP and DBP) increases monotonically with every decade after the entry age of 30 years (Figures 3 and 4B ). Table S7 and Figure S5 present the MBP analyses. The average longitudinal rates of change in MBP are illustrated in Figures 3 and 4 . In men, MBP increases up through the age of ≈50 years changing to declines at older ages. In women, the average rate of MBP increases at a constant rate at all entry ages (Figures 3 and 4B) .
BP Trajectories Over Time by Sex and Age at Study Entry
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Comparison of Longitudinal Trajectories of PWV and BP by Entry Age
To directly visualize and compare the longitudinal rates of change of PWV and BP trajectories as a function of entry age, the PWV changes in Figure 1C are superimposed on the BP Figure 1 . Longitudinal trajectories and 95% confidence bands in pulse wave velocity (PWV) in men (A) and women (B) and 5-year longitudinal rates of change in PWV with 95% confidence intervals (CI; C) from mixed-effects models in men and women of different ages at entry into the study. Note that rates of change at all ages are positive. Because the data become more sparse with advancing age ( Figure S1 and Table S1 ), the longitudinal plots of the modeled data are only constructed for entry ages ≤75 years. Note: The equation to predict ln(PWV) for a man is ln(PWV)=1.3671+0.0116×(entry age)+0.008744×time. The predicted value of PWV is obtained as e ln (PWV) . Predicted values for PWV in women or for other variables can be obtained in a similar fashion by inserting appropriate values of the explanatory variables into the relevant equations.
changes in Figure 4 . Note that in women ( Figure 4B ), the average rates of change in both PWV and PP over time increase monotonically at each successive entry age. In men, however, the average rates of change of PP and SBP and those of PWV over time exhibit substantial dissociation ( Figure 4A ). Although the rates of change in PWV increase steadily during the age span as in women, the rates of change in PP in men initially increase but decline after the age of 50 years and the rates of change in SBP decline after the age of 40 years.
Effects of BP and PWV on Each Other's Trajectories
To control for BP on rates of change in PWV, and for PWV on rates of change in the BPs, mixed-effects models for PWV with each BP as an additional covariate and for each BP with PWV as a covariate were fit to the data (these models also control for heart rate and body mass index). Tables S8 and S9 provide the parameter estimates of the final mixed-effects models. Figures  S6, S7 , and S8 display graphs of some of the fitted models.
Associations of PWV With BPs at Entry Age and Over Time
In men, when PWV is included as a covariate in the BP models it has only a main model effect on SBP, DBP, and PP, but no association with the BPs over time (Table S9A ). Higher PWV, however, is associated with lower longitudinal trajectories in MBP (because of the significantly negative time×PWV interaction; Table S9A ). In women, PWV is associated with cross-sectional differences in all BPs (Table S9B ). As entry age increases, the association of PWV on DBP and MBP decreases, whereas that of PWV on PP increases (Table S9B ). In women, PWV is associated with longitudinal changes in SBP and DBP.
Associations of BP With PWV at Entry Age and Over Time
No BPs are associated with longitudinal changes in PWV over time (Table S8A-S8D) . However, higher BP is associated with higher PWV at older entry ages for PP in men and women and for SBP in women (because of the significantly positive (entry age)×BP interaction terms in Tables S8A and S8D ). In DBP and MBP in men and women and SBP in men, BP is associated with higher PWV levels (because of the positive parameter estimate of the main effect of the BP terms in the models).
The perspectives given above are for average trajectories and rates of change. Figure S11 in the online-only Data Supplement provides graphs that show the associations among individual rates of changes and initial values of the covariates.
Discussion
This is the first study to simultaneously examine both crosssectional (measured at entry age) and longitudinal rates of change of PWV and BP over time at each entry age in a large, general population of men and women of broad age range at study entry. Our cross-sectional measurements of PWV and BP in different subjects who differ in entry age are similar to those reported previously in cross-sectional studies. 14, [20] [21] [22] [23] [24] In addition to potential cohort effects, age and other factors present in different individuals before entry into the study, for example, profile of intensity of risk factors (intensity and duration) that are associated with PWV or BP, may affect the interpretation of cross-sectional data. However, our longitudinal findings revealed a dissociation between trajectories of PWV and BP in men, challenging the conventional wisdom of a direct simple relationship between arterial stiffness and the rise in systolic and PP with aging.
Longitudinal PWV Trajectories
The longitudinal trajectories of PWV that occur over time do not depend on entry age and their rates of change do not differ by sex (Figures 1-4 ). A few prior longitudinal studies of arterial stiffness indexed by both PWV and BP 4,24-27 have been conducted in small samples. A recent report from the Baltimore Longitudinal Study of Aging (BLSA), 27 however, describes longitudinal changes in PWV in 1200 subjects that are similar to those in the present study. Interestingly, the average rate of PWV increase in the present study (≈0.05 m/s per year for a 50-year-old man) is strikingly similar to that reported recently in a smaller study population in which the rate of increase from the mid-50s to the mid-60s depended on an angiotensin II type 1 receptor genotype. 24 
Interactions of PWV, BP, and Age: The Conundrum
Divergence of PWV and BP Trajectories Over Time in Men, But Not in Women
A most important and novel observation of the present study is that the longitudinal rate of change or absolute direction of 
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longitudinal BP change in men during the span of entry ages does not track with that of PWV. Both SBP and PWV increase across the younger entry ages in men but at older entry ages while SBP increases, the rate of BP increase in each subsequent age decade decreases, while the rate at which PWV increases accelerates. In contrast to men, in women the rate of increase in both PWV and the BPs remain positive across the age range studied. Although PWV and BP are clearly intertwined, our linear mixed-effects models permitted us to statistically verify associations among BP and PWV (Tables S8 and S9 ). As expected from the existing literature, both PWV and BP are each related to cross-sectional differences of the other. However, in some cases there are differences in the associations of each on the other's longitudinal trajectories.
Interestingly, PWV was not associated with the longitudinal change in PP over time in either sex (Table S9A and S9B ). In addition, in men PWV was not associated with the longitudinal change in SBP and in women, there is an association of PWV on longitudinal changes in SBP but this association declines as entry age increases. As might be expected, PWV was inversely associated with the longitudinal change in DBP over time (Table S9B) in women, but not in men. This result confirms prior cross-sectional perspectives that DBP falls as central arteries stiffen. However, in men, PWV was associated with longitudinal changes in only MBP; but in women, PWV was associated with longitudinal changes in SBP and DBP, but the association of PWV on longitudinal changes in SBP declines as entry age increases.
Although PP and entry age are associated with PWV in men and women (Table S8A ) and SBP and entry age are associated with PWV only in women (Table S8D) , none of the BPs are associated with differences in longitudinal PWV trajectories (Table S8A-S8D ). In Framingham, BP evaluated at the previous visit is not independently associated with PWV increases that occur over time after accounting for PWV at the previous visit, 4 an approach that differs from that of the present study, in which BP at the same visit as PWV is used as a covariate Five-year longitudinal rates of change in systolic blood pressure (SBP; A), diastolic blood pressure (DBP; B), pulse pressure (PP; C), and mean blood pressure (MBP; D) with 95% confidence intervals from mixed-effects models in men and women of different ages at entry into the study. Note that >50 years the rates of change in the BPs in men become negative, indicating a fall in the absolute pressure. Note that rates above zero imply increases in the parameter.
in the linear mixed models to describe longitudinal changes in PWV while accounting for various covariates. In contrast to the present study, in the BLSA, a higher SBP is associated with an accelerated rate of PWV increase in both men and women. 27 The cross-sectional perspective of associations of SBP with age gleaned from the present results is that SBP continues to increase with each successive entry age decade (Figure 2) , whereas the longitudinal perspective, however, indicates that, at older ages in men, in fact, SBP decreases over time (Figures 2, 3 and 4) . This suggests that the cross-sectional increase with entry age would have been even steeper if SBP before entry into the study in older men had not already begun to plateau or decline. Clearly, the waning of the rate at which SBP increases at older ages in men is the major factor that drives the divergence of the rates of change in PWV, SBP, and PP. Although central BP was not measured in the present study, brachial and central SBP converge with increasing age. The reduction in the rate at which SBP increases and later declines in men, but not in women, explains the long recognized convergence or crossover of cross-sectional measures of PP in women versus men with advancing age. 28 One explanation for the divergence of the rates of change in PWV and SBP at older ages in men is that the reduction in the rate of increase and eventual decline in SBP reflects a concomitant deterioration in cardiodynamics and heartarterial coupling or change in wave reflection. A reduction in stroke volume, however, is not likely to be a cause because stroke volume does not decline with age in either men or women. 29 Given that characteristic impedance, a major determinant of SBP, is a function of both PWV and aortic diameter squared, per the water hammer equation, 30 another explanation for the dissociation between SBP and PWV longitudinal trajectories in men is an increase in aortic diameter. Indeed, a greater rate of aortic root dilatation with increasing age in men than in women has been reported. 31, 32 This study used echo and did not assess thoracic or abdominal aortic diameter or aortic tortuosity. Nonetheless, it is tempting to speculate, therefore, that an increase in the rate of aortic remodeling (dilatation) in men in the context of a continual increase in PWV, in the absence of a change in stroke volume, is a factor implicated in the SBP reduction in older men. An increased rate at which the aorta remodels (dilates) in men versus women could also be an explanation for the decline in the rate of increase followed by a reduction in the rate of change in DBP in men (Figures 2 and 4) . In women, neither PP nor SBP decline, on average, at older ages, and in fact, the rate at which PP increases remains positive and PP continues to increase into advanced age (Figures 3 and 4B) because the rate at which SBP increases is greater than that of DBP (Figures 3 and 4) . A sex-specific combination of aortic stiffening and aortic dilatation in women may account for the monotonic rates at which systolic and diastolic BP change and PP increases in women but not in men. Inferences on sex differences in BP and aortic diameter have been drawn previously from cross-sectional data. 30, [33] [34] [35] Finally, an age-associated increase in BP, per se, may have a causal association with the age-associated aortic dilatation. Indeed, that the reduction in SBP is greater in those individuals with a higher SBP at entry age ( Figure  S12 ) might offer a clue to an association of BP on aortic remodeling. A chronic increase in BP, itself, via an effect to promote aortic dilatation, reduces aortic impedance, thus limiting a further BP increase, or even resulting in a reduction in BP in the context of a progressive increase in arterial wall stiffness. Hence, the conundrum of aging, arterial stiffness, and BP likely results from both feed-forward and negative feedback interactions of BP, aortic wall stiffness, and aortic diameter over time as age increases. Thus, one plausible scenario is that, as the aortic wall stiffens with age, SBP increases; this chronic increase in SBP leads to greater aortic dilatation in men than in women, which reduces the rate at which SBP continues to increase in men. The dissociation of the continuous rate at which PWV accelerates over time from the rate at which BP changes as age increases in men clearly indicates that although inter-related, changes in PWV and BP are intrinsically regulated by independent mechanisms.
Potential Limitations
This study only used 2 or 3 repeated observations on each participant. This allows us to draw valid conclusions about longitudinal changes for only up to ≈5 years. The participants in this study enter at ages from 20 to >80 years. Although this broad range of subject age at the study onset allows for the characterization of longitudinal PWV and BP trajectories over a wide range of entry ages, people of older entry age have survived to that age and consequently some survivor bias, in addition to other cohort effects, may affect entry age effects. But longitudinal changes during the observational period do not suffer directly from this bias but are affected by age at entry. Secular trends that occur during the observation period, for example, changes in lifestyle and diet, might be reflected in the data. Secular trends, which develop during long periods of time and require long duration, are unlikely to be a major issue in this study, however, because the data on each of the 3 waves were collected within a relatively short time period.
Perspectives
The age-associated increase in arterial stiffness has long been considered to parallel or to cause the age-associated increase in BP. Yet, the rates at which PWV, a measure of arterial stiffness, and BP trajectories change over time within individuals who differ by age and sex have not been assessed and compared. This study determined the evolution of BP and aortic PWV trajectories during a 9.4-year follow-up in >4000 community-dwelling men and women of 20 to 100 years of age at entry into the SardiNIA Study. Analyses revealed that PWV accelerates with time during the observation period, at about the same rate over the entire age range in both men and women. In men, the longitudinal rate at which BP changed over time, however, did not generally parallel that of PWV acceleration. These findings indicate that PWV is not a surrogate for BP and that arterial properties other than arterial wall stiffness that vary by age and sex also modulate the BP trajectories during aging and lead to at NATIONAL INSTHEALTH LIB on November 12, 2014 http://hyper.ahajournals.org/ Downloaded from the dissociation of PWV, PP, and SBP trajectories in men. Thus, knowledge of the longitudinal trajectories of PWV and BP over time in the same individuals and whether the rates of change are constant or vary with age helps to elucidate the conundrum of the inter-relationship among aortic stiffness, age, and BP. These rates also provide crucial information for the design of future proof-of-concept studies for interventions on arterial stiffening. 
What Is New?
The age-associated increase in arterial stiffness has long been considered to parallel or to cause the age-associated increase in blood pressure (BP). We assessed pulse wave velocity (PWV) and BP with 2 or 3 repeated measurements during a 9.4-year follow-up in >4000 community-dwelling cohort of men and women, 20 to 101 years of age at entry into the SardiNIA study. In individuals beyond entry age 40 years, the longitudinal rate at which PWV increases becomes dissociated from the rate at which systolic BP and pulse pressure change in men.
What Is Relevant?
Age-associated central arterial stiffening, measured by PWV, and its associated increase in systolic BP and pulse pressure are independent risk factors for cardiovascular events. Knowledge of the longitudinal trajectories of PWV and BP over time in the same individuals and whether the rates of change are constant or vary with age helps to elucidate the conundrum of the inter-relationship among aortic stiffness, age, and BP. The definition of the rates of change in PWV and BP over time in individuals who entered the present study at different ages provides crucial information for the design of future proof-of-concept studies for interventions on arterial stiffening.
Summary
The association of BP and aortic PWV is much more complicated than appreciated previously, possibly because of concurrent age-, sex-, and pressure-dependent aortic remodeling. PWV increases with time in men and women but, in men, this is not paralleled by an increase in systolic BP and pulse pressure. The dissociation of the longitudinal changes in aortic PWV, systolic BP, and pulse pressure in older men in a large, general population observed in our study indicates that PWV is not a surrogate for BP and that therapies to reduce PWV aimed primarily at blood pressure reduction in older men may not be optimally effective. To delay age-associated arterial stiffening in humans and its attendant exponential increase in risk for arterial diseases, future interventional clinical trials need to begin to explore novel therapeutic strategies aimed at arterial wall mechanisms that are implicated in arterial stiffness. 
Novelty and Significance
1
A LONGITUDINAL PERSPECTIVE ON THE CONUNDRUM OF CENTRAL ARTERIAL STIFFNESS, BLOOD PRESSURE AND AGING SUPPLEMENTAL MATERIAL
SUPPLEMENTAL METHODS
Study population
The SardiNIA Study investigates the genetics and epidemiology of complex traits/phenotypes, including CV risk factors and arterial properties, in a community-dwelling Sardinian founder population.
1,2 Over a 3-yr period, from November 2001 to December 2004, all residents aged 14 years and older in 4 towns of Sardinia Region, Italy were invited to participate in the Study. The response rate was 60%, resulting in the enrolment of 6148 participants aged 14-102 years old. Aspects of study design, measurements, and descriptive statistics have been described previously.
1,2 All subjects gave written informed consent to participate in the Study, which was approved by our Institutional Review Board and has been conducted in accordance with the principles of the Declaration of Helsinki.
Exclusions
Subjects who entered the SardiNIA study before they were 20 years old were excluded from the present analyses. Since we are investigating longitudinal changes in PWV, only subjects with two or more valid PWV visits are included (1175 subjects are lost). Among these 1175 lost subjects there is no statistically significant association between sex and age decade (p = 0.8808). Day-to-day variability in PWV measurements is about 2 m/s. 3 It seemed reasonable, therefore, to exclude subjects whose visit-to-visit changes in PWV were more than 5 m/s (i.e. 2½ times the expected day-to-day variation) (395 PWV observations (3.0%) on 130 subjects were omitted on this basis). To assess the impact of omitting these aberrant PWV values, the same models for PWV were fit for the complete data set as well as to the final data set separately for men and women (Supplement Table S3 ). The coefficients of these pairs of models are almost identical. Consequently we proceed using the cleaned data set.
There is no difference in the distribution of initial age decade between men and women in the full data set (p = 0.6236) or in the analysis data set (p = 0.3591).
Blood Pressure
Blood pressure determinations were performed in the morning, after a light breakfast, with subjects in the seated position, and following a five minute quiet resting period. Blood pressure was measured in both arms with a mercury sphygmomanometer using an appropriately sized cuff. The blood pressure values used in this study are the average of the second and third measurements during each visit on both the right and left arm. Values for systolic blood pressure (SBP) and diastolic blood pressure (DBP) were defined by Korotkoff phase I and V, respectively. Pulse pressure was computed as PP = (SBP-DBP); mean BP was computed as MBP= DBP + (PP/3). Hypertension was defined as an average BP 140/90 mmHg or if the participant was taking antihypertensive medications. Not surprisingly, a higher percent of subjects among those taking antihypertensive medications vs. those not taking antihypertensive medications had high SBP ( 140) (46.2% vs. 12.8% in women and 53.3% vs. 22.5% in men).
Arterial stiffness
Carotid-femoral pulse wave velocity (PWV) was measured as previously described. 4 A minimum of ten arterial flow waves from the right common carotid artery and the right femoral artery were recorded simultaneously using nondirectional transcutaneous Doppler probes (Model 810A, 9 to 10-Mhz probes, Parks Medical Electronics, Inc, Aloha, OR), and averaged using the QR interval on ECG trace for synchronization. The foot of the flow, i.e., the point of systolic flow onset, was identified off-line by a custom-designed computer algorithm, and verified or manually adjusted by the reader after visual review. The time differential between the feet of simultaneously recorded carotid and femoral flow waves was then measured. The distance travelled by the flow wave was measured with an external tape measure over the body surface, as the distance from the right carotid sampling site to the manubrium subtracted from the distance from the manubrium to the right femoral sampling site. PWV was calculated as the distance travelled by the flow wave divided by the time differential.
Statistical Analyses
The fit of the mixed-effects models is evaluated by examining plots of residuals vs. predicted values, as well as plots of observed vs. predicted values and considering the correlations between the observed and predicted values. In addition, it must be assumed that the residuals from the models are normally distributed and have homogeneous variance. The residuals for PWV are skew to the right. A logarithmic transformation significantly improved the normality assumption and also leads to homogeneous variances. Consequently we analyse longitudinal changes in ln(PWV) but display the results graphically in the original scale.
To determine if there are significant sex effects, we first fit mixed-effects models to all the data while including sex and interactions of sex with each of the other terms in the model. The terms included in the model formula include Entry Age, which represents the age at which the subject entered the study and models the cross sectional differences in ln(PWV) among different subjects of different initial ages, Time or follow-up time since first visit, which models the longitudinal changes in ln(PWV) within the individual during the observation period, Sex, and a number of interaction terms that allow for the effect of one variable to change with the level of another variable. The fitted model is presented in Supplement Table S4 . The Sex×(Entry Age) 2 Time term has a p-value of 0.0054 indicating that the (Entry Age) 2 Time term differs between men and women. To further examine the sex effect, we tested whether all sex-terms in the model are zero, resulting in a p-value of <0.0001. When we only tested all sex interaction terms (allowing for a main effect of sex) the p-value was 0.0004, again indicating that the crosssectional and longitudinal trajectories are not the same for men and women. Because of a significant sex-age-time interaction, subsequent models are fit separately for men and for women.
The initial sex-specific models contain a number of terms including interactions up to (Entry Age) 2 Time and all lower order terms. These terms will be correlated and multicollinearity could be an issue. However, we require all models to be hierarchically well-formulated 5 . For wellformulated models, the estimated coefficients and standard errors for the highest order terms will be the same and, when expanded, the centered model will be identical to a model in which the variables are not centered. Since we are only concerned about the significance of the highest order terms which remain unchanged, we do not center the variables.
Key concepts for the interpretation of mixed effects models
The terms included in the mixed effects models of the present study include: -Entry Age, i.e. the age at which the subject entered the study: it models the cross sectional differences in the response variable; -Time, i.e. the follow-up time since first visit: it models the longitudinal changes in the response variable; -Interaction terms: they model how the effect of one variable on the response changes with the level of another variable. 6 For example, a significant interaction term, for example (Entry Age)×Time, indicates that the longitudinal change in the response variable over time increases/decreases according to the age at study entry.
Graphic representation of the mixed effects models:
-The cross-sectional differences in the response variables among subjects of different initial ages (Entry Age) are represented by the left, or beginning, point of each line segment; -The average longitudinal rates of change for subjects of a particular entry age are illustrated by the slopes of the five-year line segments (with their 95% confidence bands). Figure S2 (panels A and B) provides residual plots as well as plots of the observed ln(PWV) vs. ln(PWV) predicted from the mixed-effects models (panels C and D) for ln(PWV) in Table 2A for men and women. These plots provide checks that the models provide adequate fits to the data. The random residual plots indicate that the models fit the data adequately. The cluster of residuals on the left side of the residual plots is not a concern as they are produced by the study group containing more younger participants ( Figure S1 ) who tend to have lower values of the response variable. The high correlations of the plots of observed vs. predicted values also indicate that the models fit the data quite well.
Assessing the fit of the mixed-effects models
The fit of the models for PP in Table 2B and C and Figure 2 to the observed PP data are displayed in the panels A-D of Figure S3 . As with PWV, the PP models appear to adequately fit the data. The fit of the SBP models in Table S6 to the observed SBP data are addressed in the Figure S4 . As with PWV and PP, the SBP models appear to adequately fit the data. The fit of the other BP models are checked in a similar fashion (plots not shown) and indicate that the models fit the data adequately.
Effects of Antihypertensive Medications on PWV Trajectories
To disentangle the possible effect of antihypertensive medications on the longitudinal changes in PWV described, we adopted two different approaches that also served as confirmatory analyses:
(1) either antihypertensive medication use was a covariate in the model, including possible interactions of antihypertensive medication use with Entry Age and Time to determine if the medication use affected either cross-sectional differences or longitudinal changes, and (2) subjects taking antihypertensive medications were excluded from the analyses. Comparing these two approaches with the models in Table 2 all approaches demonstrated that the rates of change in PWV among subjects not on medications are similar among the three analyses (Table S6 ).
The use of antihypertensive medication impacted the PWV levels and rate of change in PWV in both men and women and BP levels in both men and women. In women the rate of change in PWV is similar between the three sets of models at each age (Table S6 ). In men, the results for the whole study group and the analyses excluding visits with medication use are similar. But, in men, in the model that adjusts for antihypertensive medication use, the rate of change in PWV is similar up to age 60 but does not accelerate as much from 60 to 70 as the analyses without the adjustment (Supplement Table S6 ). In the models that excluded subjects not taking antihypertensive medication (n= 1582 men, 2247 women with 3816 observations for men and 5446 for women), the significant variables were the same observed in the whole study group. The rate of change in PWV over time were similar to those observed in the initial models whole study group (Supplement Table S6 right columns). Figures 3 and 4B illustrate that in women the average rates of change in PWV and in PP increase with Entry Age. To formally address the associations of BP and PWV with each other over time we computed the rate of change in PWV and in each BP from the models in Table 2 in each individual and investigated the association of these rates of change with each other and with initial BPs and PWV measured at Entry Age. In many of the panels there is little association between the rate of change of PWV (or BP) and initial value of BP (or PWV) with age as the slopes of the lines in the panels are all similar. However, Figure S11H shows that in women the association between the rate of change in SBP and initial PWV decreases with entry age group (since the slope of the lines decrease with entry age). Figure S1 . Age distribution at first visit for men and women. Figure S2 . Checks of models for ln(PWV) in Table 2A . 
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